Background: Posaconazole is the most active available azole antifungal drug, but absorption and pharmacokinetics are not available to guide dosing regimens in cats.
S
ystemic fungal infections can be life-threatening in cats, and treatment can be difficult because of frequent dosing and owner compliance.
1,2 Use of other antifungal agents PO in cats is limited by ocular and neurological adverse events (voriconazole), liver injury (itraconazole), and variable PO absorption (itraconazole). [3] [4] [5] Posaconazole, a triazole antifungal, represents a new azole with promising activity and pharmacokinetics. It has been shown previously to have the widest spectrum of action of any currently available antifungal agent. 6 In people, posaconazole has been shown to have a higher safety margin than other antifungal drugs. 7 In dogs, the half-life of posaconazole, when given with food, was 24 hours for the PO suspension and 42 hours for the delayed-release tablet, which would allow maintenance of therapeutic blood concentrations with everyother-day dosing. 8 The purpose of our study, therefore, was to determine the pharmacokinetics of posaconazole in cats after receiving single doses of PO suspension and IV formulation and to use this information in dosing simulations to develop PO dosage regimens for exploration in future clinical studies.
Materials and Methods

Study Population
The research protocol was approved by the University of Tennessee Institutional Animal Care and Use Committee. Six research cats, aged 7-10 years (mean, 8.6 years) with body weights between 3.3 and 6.5 kg (mean, 4.7 kg), were studied. There were 4 castrated males and 2 spayed females. Complete physical examination and routine laboratory testing including a CBC and serum biochemistries were performed on each cat to ensure health before the study.
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Experimental Protocol
Food was withheld from all cats for 12 hours before posaconazole administration. A pilot study that involved 2 of the cats was done to optimize starting PO dosage and timing of sample collection. The initial PO posaconazole dosage was 6 mg/kg, based on dosing information in people and dogs. Plasma samples were collected at predetermined intervals for 144 hours. A 30-day washout period occurred between the initial and the subsequent trials.
After analysis of results from the initial 2 cats, the final PO dosage selected for investigation was 15 mg/kg of posaconazole a suspension (40 mg/mL). This dose was given with a syringe immediately after a small meal b (approximately 30 mL canned food) of the cats' regular diet. Food was reintroduced to all cats 4 hours after drug administration.
Four cats also received 3 mg/kg posaconazole c IV after a 7-day washout period. The IV dose was prepared according to the manufacturer's label instructions by diluting posaconazole solution (18 mg/mL) in saline (0.9% NaCl) at a ratio of 1 : 9. This solution was immediately infused over a 5-minute period using a separate cephalic catheter that was not used for blood collection.
Blood Collection
Twelve to 18 hours before administration of the PO formulation of posaconazole, IV jugular, or femoral catheters were aseptically placed after sedation with dexmedetomidine (40 lg/kg IM), ketamine (5 mg/kg IM), and butorphanol (0.4 mg/kg IM). Peripheral cephalic catheters also were placed in cats receiving the IV formulation. Catheters were secured with bandages and irrigated with sterile saline solution to maintain catheter patency. For the higher dosage PO study and the IV administration study, catheters were maintained for 11 days to allow both studies to be completed without catheter replacement. Catheters were irrigated with heparinized saline solution for the 3 days between studies. Blood (1-2 mL) was collected at predetermined intervals for assessment of posaconazole concentrations after PO (0, 0.5, 1, 2, 4, 8, 10, 12, 16, 24, 32, 48, and 72 hours) and IV (0, 0.5, 1, 2, 4, 6, 10, 12, 16, 24, 48, and 56 hours) administration. Samples were transferred into glass tubes containing lithium heparin, immediately placed on ice, and subsequently centrifuged in batches. The plasma was separated and stored in plastic cryovials at À70 to À80°C. Plasma samples were shipped frozen on ice to the North Carolina State University Clinical Pharmacology Laboratory for posaconazole concentration determinations.
Posaconazole Assay
Quantitative determination of posaconazole in feline plasma samples was performed by high-pressure liquid chromatography (HPLC) as previously described, with slight modifications. 8 All experimental plasma samples, quality control (QC) samples, calibration samples, and blank (control) plasma samples were prepared identically. A reference standard of posaconazole d (99.9% pure) was dissolved in 100% methanol to prepare a stock solution. From this stock solution, further dilutions were made to use as fortifying solutions for plasma in order to generate calibration curves and QC standards in feline plasma. The stock solution was kept at 4°C in a tightly sealed, dark vial, which was determined to be stable throughout the duration of the study. The calibration curve for posaconazole consisted of 8 standard solutions that ranged between 0.05 and 10 lg/mL, including a blank (0 lg/mL) sample. Blank (control) plasma samples also were analyzed with each day's run to check for interfering peaks and estimate background noise. All calibration curves were linear with an R 2 value ≥0.99. Limit of quantification (LOQ) for posaconazole in feline plasma was 0.05 lg/mL, which was determined from the lowest point on a linear calibration curve that produced an acceptable signal-tonoise ratio and met acceptance criteria of our previously validated assay. Quality control samples were analyzed each day and compared against the calibration curve. The laboratory used guidelines published by the United States Pharmacopeial Convention.
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Pharmacokinetic Analysis
Plasma drug concentrations were plotted on linear and semilogarithmic graphs for analysis and to allow visual assessment of the best model for pharmacokinetic analysis. Analysis of the curves and pharmacokinetic models then was performed by use of a commercial pharmacokinetics program.
e Compartmental analysis of results for both the IV solution and PO suspension was performed by weighting the values by 1/y 2 , where y is the predicted concentration at each time. Specific models (eg, 1-or 2-compartment) were determined for best fit on the basis of visual analysis for goodness-of-fit and by visual inspection of residual plots. For the IV data, a 2-compartment model was used with a corresponding equation of:
where A is the y-axis intercept for the distribution phase of the curve, a is the slope of the distribution phase of the curve, B is the y-axis intercept for the elimination phase of the curve, and b is the slope of the elimination phase of the curve. The value for T ½ was estimated by use of the following equation:
Other compartmental pharmacokinetic parameters were calculated in accordance with equations provided elsewhere. 8 For the dose of the PO suspension, a 1-compartment model with first-order absorption was used with a corresponding equation of:
where k 01 is the non-IV absorption rate, assuming first-order absorption; D is the non-IV dose; V is the apparent volume of distribution; and, k 10 is the elimination rate constant. Secondary parameters calculated from the model included C MAX , T MAX , area under the curve (AUC), and the respective absorption and terminal half-lives (T ½ ). Percent systemic availability for a non-IV dose was calculated by use of the following equation:
Statistical Analysis
Geometric means and corresponding coefficients of variation (CVs) were calculated and presented in tables.
Results
The PO suspension of posaconazole was readily consumed by all cats, and no adverse effects were noted with either PO or IV administration. Only 4 cats were available for the IV study. One cat removed the saphenous catheter after the PO study and could not be recatheterized, and 1 cat had a PCV of 24% after completion of the PO study and was removed from the study for humane reasons. Because not all cats could be sampled at the same time points, sampling times were staggered to optimize a complete plasma concentration versus time profile.
Mean plasma concentrations (AE standard deviation) for all 6 cats given the PO suspension, as well as the 4 cats given the IV solution, were calculated (Fig 1) . Pharmacokinetic parameters were calculated for both the PO suspension and the IV solution (Table 1) . After the administration of the IV solution, the volume of distribution (Vss) was 1.9 (0.3) L/kg (mean, standard deviation), terminal half-life was 57.7 (28.4) hours, and clearance was 28.1 (17.3) mL/kg/h. After the administration of the PO suspension, the peak (C MAX ) was 1.2 (0.5) lg/mL, T MAX was 18.7 hours, and T ½ was 38.1 (15.0) hours. Bioavailability from the PO dose was 15.9% (8.6).
Despite low absorption after PO administration, these data allowed for simulation of PO dosage regimens that could be explored in clinical studies. To maintain targeted trough concentrations of 0.5-0.7 lg/mL as recommended for humans, 2 regimens can be considered for the PO suspension: (1) 30 mg/kg loading dose followed by 15 mg/kg q48h, or (2) a 15 mg/kg loading dose followed by 7.5 mg/kg q24h. 10 
Discussion
No adverse effects were observed in these healthy cats. The long half-life (38 hours for the PO suspension) allows achievement of therapeutic concentrations with q24h or q48h administration. Absorption of posaconazole PO suspension was variable in cats, but the variation was within the limits usually observed with PO dose studies in experimental animals (CV% was approximately 40% for AUC, clearance, T ½ , and C MAX ). Oral absorption of the liquid suspension was only 16%, but still high enough that plasma concentrations could reach therapeutic targets for susceptible fungi. The most effective therapeutic target concentration for cats is undetermined, but administration of posaconazole suspension q48h can be used to attain therapeutic targets that have been recommended for people. 10 To maintain targeted trough concentrations of 0.5-0.7 lg/mL, as noted above, 2 regimens can be considered for the PO suspension: (1) a 30 mg/kg loading dose followed by 15 mg/kg q48h, or (2) a 15 mg/kg loading dose followed by 7.5 mg/kg q24h. The ability to maintain target concentrations using every-other-day dosing might increase compliance with antifungal treatment for some cats. Whether a oncedaily or every-other-day regimen is preferred will depend on patient characteristics and owner preferences. We noted that cats tolerated the taste of this drug much better than other PO antifungal suspensions formulated for people. Std. Dev., standard deviation; CV%, coefficient of variation; AUC, area-under-the-curve for plasma concentration versus time profile; C MAX , peak concentration; k 01 , absorption rate constant and corresponding half-life (T ½ ); k 10 , terminal rate constant and corresponding half-life (T ½ ); T MAX , time to peak concentration; F, absolute oral absorption (fraction absorbed).
Posaconazole is a triazole antifungal that is structurally similar to itraconazole. It is approved for use in human medicine and has been shown to be a potent antifungal agent against clinically important yeast and filamentous fungi. 6 Topical forms (otic preparations) are approved for use in dogs. As with itraconazole, posaconazole is best absorbed with food in an acidic environment in people.
11,f We assumed that it would also be best absorbed with food in cats and administered with a meal.
Successful treatment with posaconazole has been reported in 2 cats with fungal disease in which other antifungal treatment had failed. 12, 13 Those cases involved a Mucor subcutis infection of the nose and invasive orbital aspergillosis. For the cat with aspergillosis, antifungal susceptibility testing for the organism was completed and showed that posaconazole was the most effective treatment. The dosage that was used for both of those cats was 5 mg/kg q24h and treatment duration was 4-5 months.
In human medicine, therapeutic drug monitoring is used to ensure adequate absorption of many antifungal agents. 10 For posaconazole, the plasma trough concentration for prophylaxis varies between 0.35 and 0.7 lg/mL and for salvage treatment the concentration is >1 lg/mL.
10 Therapeutic plasma drug concentrations of posaconazole have not been determined for cats. We have provided a suggested dosage from this study to consider for future clinical studies, but the safety and efficacy of the dosage regimens described are undetermined in a feline population with naturally occurring disease. Sick cats may absorb the drug differently or have changes in drug clearance not identified by our study of healthy cats. Therefore, clinicians should consider monitoring plasma or serum concentrations of posaconazole. No information is available on the repeated administration of this drug in cats and documenting plasma or serum therapeutic drug concentrations also would provide information on the accumulation, clearance during chronic administration, and adverse effects of this drug in cats.
A delayed release tablet of posaconazole is available and is more bioavailable than the PO suspension in dogs. 8 The calculated dosing simulation in that study resulted in a recommended dosage of 5 mg/kg q48h using the extended release tablet in dogs to maintain therapeutic trough plasma concentrations. 8 Extended release tablets have not been evaluated in cats, but development of a pediatric PO suspension of extended release granules is underway and should be evaluated in cats. An extended release suspension would be preferred to an extended release tablet in cats because the extended release tablet size is 100 mg and the tablets cannot be divided.
Our study has some limitations. Only 6 cats were involved in the experiment and might not be representative of cats with naturally occurring fungal infections. Only 4 cats were available for the IV phase of the study. Timing of blood collection for the IV phase of the study was staggered among cats to limit samplingassociated anemia. The study did not identify any immediately apparent clinical adverse effects of posaconazole in these cats. In people, long-term PO posaconazole use has been associated with gastrointestinal adverse effects (23%) but other treatment-related adverse events have been reported at a lower rate with posaconazole compared to other azole antifungal agents.
14 In our study, serum biochemistry tests were not performed after drug administration to monitor serum liver enzymes activities. With chronic use in people, increased serum alanine transaminase activities only occurred in 3% of cases.
14 Because our study only involved a single administration, potential adverse effects from repeated administration of posaconazole require further study.
In conclusion, posaconazole was well-tolerated by all cats in the study. Despite low oral absorption of posaconazole in cats, plasma drug concentrations that reach therapeutic targets identified for people can be attained. 10 These trough concentrations can be maintained in cats using either of 2 regimens for the PO suspension: (1) 30 mg/kg loading dose followed by 15 mg/kg q48h, or (2) a 15 mg/kg loading dose followed by 7.5 mg/kg q24h. The option of every-otherday treatment could aid with owner compliance and successful completion of prolonged treatment courses. Evaluation of the proposed dosing regimens using therapeutic drug monitoring in cats with naturally occurring disease is warranted. 
